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and that these are interchangeable in reassociating with counterpart subunit (/?). Sheep follitropin and the human placental hormone choriogonadotropin were also shown to consist of a-and /?-subunits (Papkoff & Ekblad, 1970; Swaminathan & Bahl, 1970) , and it was found that protomers from different sources could combine to form hybrid molecules in which the /?-subunit was the determinant of biological activity.
The subunit structures of several mammalian pituitary glycoprotein hormones and of human choriogonadotropin have now been investigated in a number of laboratories (see Wallis, 1975 (7)The hormones have high cystine and proline contents, and the positions of these residues in subunit are strongly conserved.
Estimates of the type of folding within sheep lutropin and its subunits indicate that there is considerably more /?-pleated-sheet structure than a-helix in the intact hormone, and that structural rigidity is decreased in the isolated subunits (Hol1aday &Puett, 1975 ; Garnier et al., 1975) . Association of the subunits appears to be a two-step process in which their initial combination is followed by a slow rearrangement of molecular conformation (Bewley et al., 1974; Salesse et al., 1975) .
The effects of chemical modification on sheep or ox lutropin and on individual subunits have been studied in several laboratories. Activity of the intact hormone is retained after methylation of 70% of the lysine residues (De la Llosa et al., 1974; Ascoli & Puett, 1974), but not after acylation of a-and &-amino groups with maleic anhydride or with cyanate (Liu ef al., 1974) . When isolated /?-subunit is acylated to modify amino groups (Liu & Ward, 1975; Sairam & Li, 1975) , or coupled with glycine methyl ester to modify carboxyl groups (Faith &Pierce, 1975) , substantial activity can be regenerated on combination with native a-subunit. The data suggest that modifications of the a-subunit VOl. 5 BIOCHEMICAL SOCIETY TRANSACTIONS more seriously affect recombination than do similar modifications of the B-subunit.
The horse hormone, pregnant-mare's serum gonadotropin, is of particular interest because it contains both lutropinandfollitropinactivities( Table 1) . It also is composed of a-and 8-subunits which individually have negligible activity, but which recombine with restoration of both activities (Papkoff, 1974) . Detailed structural studies on this hormone have not yet beem reported.
The pituitary glycoprotein hormones of lower vertebrates are relatively inactive in mammals ; however, they give good responses in reptiles, amphibians and fish. Follitropin and lutropin are each present in avian and amphibian pituitaries and in the pituitaries of certain orders of reptiles, but in snakes and fishonly one gonadotropin has been demonstrated with certainty (Licht, 1974) . Subunit structure exists in these glycoproteins, and separation of a-and 8-subunits has been reported for both carp gonadotropin (Burzawa-Gerard, 1974 ) and turtle lutropin (Papkoff et al., 1976) .Individualsubunits are biologically inert, but will recombine toregeneratehormoneactivity. Moreover, hybrid molecules formed from subunits of turtle and sheep lutropin are biologically active in an amphibian assay. From the data at present available the glycoprotein hormones of lower vertebrates appear to have chemical properties similar to those of mammals.
